In order to determine the extent of swelling in aqueous media, the initial (dry) thickness of the polymer brush must be determined. This thickness can be determined by measuring the (dry) mass of the polymer brush grafted to the SiO 2 -coated QCM crystal which is used for the pHdependent swelling studies in solution. Samples were prepared by cleaning the SiO 2 -coated crystals in piranha solution (for 2 min), rinsing with ultrapure water, drying with N 2 , and exposing the substrate to UV-Ozone. This last step removes organic impurities and produces a Electronic Supplementary Material (ESI) for Journal of Materials Chemistry This journal is
2 homogeneous hydroxylated surface (I in Figure 1S ). We first monitored f n /n (n = 3, 5, 7) and D n for the treated QCM sensor under air at 21 °C (I in Figure 2S (a)). When f n /n (n = 3, 5, 7) and D n were stable, the frequency and dissipation were monitored for 1 min (I in Figure 2S (a)).
Second, GPTMS was grafted onto SiO 2 -coated QCM crystal, CH, CH-Q 25 , and CH-Q 50 were grafted onto the GPTMS, and finally the surface was rinsed using acidic solution (pH ~4) (II in Figure 1S ). The thickness and mass of GPTMS on SiO 2 -coated crystals included in values of thickness and mass representing the chitosan brush. During the pH-dependent swelling studies, the mass and thickness of GPTMS layer (0.7 nm by spectroscopic ellipsometry) [1] remains constant and therefore does not impact the final value of percent swelling. After grafting the polymer to GPTMS, the sample was placed in a vacuum to remove moisture. We monitored f n /n (n = 3, 5, 7) and D n for the CH-Q 50 grafted QCM sensor under air at 21 °C (II in Figure   2S (a)). When f n /n (n = 3, 5, 7) and D n were stable, frequency and dissipation were collected for 1 min (II in Figure 2S (a)). These two sets of data were combined using Q-soft (Q-Sense).
In this way, the frequency and dissipation changes could be determined in air (i.e., dry) before and after polymer grafting (I and II in Figure 2S (a)). These polymer-grafted sensors were used for pH-swelling studies. After each swelling study, the polymer grafted QCM sensors were exposed to O 2 plasma for 3 min. to remove the organic layer without changing the silicon oxide coating (III in Figure 1S ), in order to reconfirm the measurement of the mass in region II of Figure 2S (a). We monitored f n /n (n = 3, 5, 7) and D n for the O 2 plasma treated QCM sensor under air at 21 °C (III in Figure 2S (a)). When f n /n (n = 3, 5, 7) and D n were stable, the data of frequency and dissipation were collected for 1 min (III in Figure 2S (a)). These two sets of data were also combined using Q-soft (Q-Sense) and showed frequency change and dissipation
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change depending on mass change under air before and after O 2 plasma (II and III in Figure 2S (a)).
Figure 2S (a) shows the QCM-D results for the SiO 2 -coated QCM sensor (I), CH-Q 50 grafted onto the GPTMS-derivatized SiO 2 -coated QCM sensor (II), and the O 2 plasma treated QCM sensor (III). For the three modes (n = 3, 5, 7), the values of f n /n for each crystal superimposed and D n exhibited its lowest value, ~0. These results suggest that the each layer behaves like an elastic solid. Between regions I and II, f n /n (n = 3, 5, 7) is found to decrease by -25.7  0.3 Hz due to mass increase resulting from the grafting of CH-Q 50 onto the QCM sensor. After removing CH-Q 50 and GPTMS using the O 2 plasma, f n /n (n = 3, 5, 7) returns to its original value prior to surface modification of the QCM sensor (Figure 2(a) ). The physical properties (mass deposited, grafting density, and thickness) of the elastic CH-Q 50 layer were calculated using the Sauerbrey equation, f n /n (n = 3, 5, 7), chitosan molecular weight, and chitosan density 
